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Abstract 
The aim of this study was to investigate availability of essential heavy metals in meat and organs of cattles that 
are grazing in mine revegetation areas. The concentration of Cu, Fe, Zn, Cr, and Ni were determined in muscle 
(Longissimus dorsi and Bicep femoris), heart, liver, lungs, spleen, kidneys, bones, blood, grasses and water. The 
heavy metal content was analyzed by Atomic Absorption Spectrophotometry (AAS). Some essential heavy metal 
(Fe, Cr and Ni) were found in large amount in the grasses consumed by livestock in mine revegetation areas. 
There were no essential heavy metals exceeding the threshold found in meat and organs of cattles in mine 
revegetation areas as well as outside of the mining area. Based on the content of Fe in meat, liver and heart, an 
adult weighing 70 kg is recommended to consume meat no more than 4.46 kg / day, 0.78 kg per a day of beef 
liver and beef heart 1.37 Kg per a day. 
Keywords: Essential Heavy Metal, meat, mine revegetation areas. 
1. Introduction 
Some metal are essential to life in small quantities, but can be toxic in large amounts. Metals essential 
have a role in the activity of organ function that is important for life, both for growth and reproduction 
capabilities. If one of them is missing, it can cause symptom of deficiency. 
Heavy metal contamination in food, has become an issue that is very thoughtfulness. The development 
of civilization, technology, industry and lifestyle present a great opportunity to the content of heavy metal in 
food. One source of heavy metal that can contaminate food can come from heavy metal residues from the mining 
industry. Mining has been reported as a major source of heavy metal contamination of the ecosystem through 
metal freed by the mine waste and effluent (Gutiérrez-Ginés et al., 2010; Bruce et al., 2003). 
Regulation of the Minister of Energy and Mineral Resources of Indonesia No. 18, 2008 on the reclamation and 
closure of mined land requires every post-mining land to be restored soil conditions in order to re-utilized as a 
medium to grow plants. One of the recovery efforts is revegetation of mined land by planting trees or grasses and 
legumes. Revegetation of land mines planted with forage (grasses and legumes) provides it as a source of forage. 
However, on the other hand, the anxieties that arise due to the effort in shifting the function of post-mining 
revegatation land into pasture land (grazing fields), is the possibility of accumulation of heavy metal in soil, 
grass, water sources that may affect the accumulation of heavy metal in meat and organs of cattle. Organisms 
need various mineral to perform their normal function of life. Some of them are needed in large amount called 
macro-mineral, while the others are needed in very small amounts called micro-mineral (McDowell, 2003). The 
main source of mineral for humans is food chain. One entry point to the mineral in the human body is through 
livestock (Lozak et al., 2002). Taggart et al (2011) found that excessive levels of Pb in mutton and wild boar in 
mining area. Darmono (2001) said that the metal that can cause poisoning is the kind of the heavy metal. These 
metals include the essential metal such as Cu, Zn, Fe, Cr, Ni, and Se and the nonessential ones such as Hg, Pb, 
Cd, and As. 
Heavy metal from man-made pollution continues to be released into aquatic and terrestrial ecosystems. Heavy 
metal contamination is a serious threat because of their toxicity, bioaccumulation and biomagnification in the 
food chain (Demirezen and Uruc, 2006). One of the ways on how heavy metal get in and interfere the human 
health is through the food consumption, either those are from raw materials or from contamination during 
processing. Meat and meat products are the kind of food that are consumed and favored by many people, but in it 
may bring a number of toxic substances. Although, the amount are small enough in the flesh, but in certain parts 
of the cattle are also often consumed for example in the liver and kidneys, often shows concentration of toxic 
substances which is high enough (Khalafalla et al., 2011). 
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Breeding livestock, especially cattle in mining revegetation areas by providing forage from grass inmine 
revegetation areas is potential to contaminate meat and organs on cattle if the cattle consumed by the human, as 
it allows the accumulation of heavy metal in the human body. Therefore, it is necessary to evaluate the level of 
heavy metal contamination and assess the risks that can arise if the human consumed the cattle. 
2. Materials and Methods  
2.1. Studies in animals 
Cattles used in this experiment were four Bali bull aged 2 years that born, grow and graze in mine revegatation 
areas, weigh of 220-250 kg. The cows is released to graze in mine revegetation areas and drink in water puddles 
in land mine revegataion. As the comparison, meat, heart, liver, lungs, spleen, kidneys, bones and blood of 4 
bulls that are kept outside the mining area in the Makassar abattoir was taken. 
2.2. Collection of Samples 
 
The initial phase begins with the slaughter process, namely by cutting the  neck to sever the jugular vein and 
carotid artery, esophagus and trachea, without breaking the spinal cord. Then the animals that have been 
slaughtered hung to remove the blood and the skin of the cattle’s body. The parts of cattle’s body that was taken 
as sample are meat (Longissimus dorsi muscle and Bicep femoris), heart, liver, lungs, spleen, kidney and bone 
(Os tibia). Blood sampling was performed in the jugular vein using a syringe 5 ml, then put in a vacuum tube 
containing an anticoagulant.Grass Sampling was done randomly with 0.25 m2 quadrant in cows grazing area. 
Water sampling has done in some places in the cattle’s drink. Then, water that has been taken put into a PVC 
bottle. 
2.3. Sample preparation and quantification  
The entire sample is observed, prepared by the method of destruction using concentrated nitric acid. Sample 
preparation of drinking water refers to the SNI method (2004). Grasses, muscle, blood and organs (liver, heart, 
spleen, lung, kidney and bone) were prepared by using the Solidum et al (2013)method. The entire metal 
concentration (Cu, Fe, Zn, Cd, Cr and Ni) were analyzed using atomic absorption spectrophotometer (FAAS, 
Shidamzu AA-7000) (AOAC, 1999). 
 
2.4. Statistical Analysis  
 
Statistical calculations performed using Microsoft Excel ® 2007 software. One-way analysis of variance 
(ANOVA) was used to determine whether the content of copper, iron, zinc and nickel chromium vary 
significantly between different parts of the samples. P-value of <0.05 was considered statistically significant. 
Recommended safe consumption is calculated by dividing the maximum daily intake by the concentration of 
minerals in the sample. 
 
3. Result and Discussion 
1. Minerals concentration in grasses (without washing) and water consumed 
Mineral has a significant influence on the nutrition and metabolism of ruminants, but the availability of mineral 
from the soil for livestock forage is varied (Ashraf et al., 2007). The average of dry matter intake for ruminants is 
3-4% of  weigh. Although the level of consumption based on the dry matter content of the feed, but the provision 
of feed dry matter is limited to the capacity of the rumen in processing feed material which is 10% of the weight 
of cattle. So if the average weigh of cattle is 250 kg, then the cattle will consume about 25 kg of forage a day. 
Concentration of some heavy metal were found in the grass (Tabel.1) if it consumed around 25 kg per a day, 
then the cattle can consume heavy metal is greater than the tolerance limit. Although the heavy metal is essential, 
but the consumption should be limited. 
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Table 1. Heavy metal concentrations (mg kg-1) were found in forage and animal water 
Minerals 
type 
Minerals concentration in grass from mine 
revegetation areas grass (mg kg-1) Water   
(mg kg-1) 
Animal Maximum 
Tolerable* (estimates for 
adult cattle with 200-
250 kg) 
Siratro(Macroptilium 
atropurpureum) 
BD(Brachiaria 
decumbens) 
Cu 1.03 ± 0.07 0.64 ± 0.04 0.03 ± 0.00 100 
Fe 108.34 ± 0.53 98.99  ± 0.14 0.05 ± 0.05 1000 
Zn 7.11 ± 0.12 3.88  ± 0.06 0.00 ± 0.00 500 
Cr 125.48 ± 0.54 184.84  ± 0.21 0.52 ± 0.01 1000 
Ni 0.61 ± 0.08 290.78  ± 0.03 0.05 ± 0.00 50 
* NRC, 2000. 
 
In a mining environment as metal dust spread a layer of dust on every surface in the area because of rock 
blasting during mining. These contaminants can be spread through the atmosphere like a breeze with the metal 
removal rate of the land depending on factors such as mineralogy mining discharges, total metal concentration, 
speciation and the presence or absence of competing ions (Onder et al., 2007; Gutiérrez-Ginés et al. , 2010; 
Bruce et al., 2003). This indicates deposition of particulate air metal at the mine site. Metal levels can be 
increased when the soil and grass samples taken near the shelter mining waste products. By the high level of Fe 
in the mining waste product, there is a possibility of iron poisoning. For animals especially cattle, Fe is an 
essential component of hemoglobin and essential for some of other body’s function, but cattle can consume a 
large amount of Fe in the pasture or by ingesting soil. Excessive levels of Fe in the pasture can interfere with the 
adsorption of Zn and Cu (Boom, 2002). 
2. Metal concentration in muscle and various organs 
Some heavy metal classified as essential mineral in meat and organs of cattle which care and live in mine 
revegetation areas (Table 2) show that there is not any metal which exceeds the threshold in food. For 
comparison, the condition of heavy metal contamination of cattle that was intensively reared outside the mining 
area (Table 3) was also analyzed, and it shows the same result as what was found of the cattle that live in mining 
area. Result of our study are lower than those reported by Korenekova  et al., 2002, which conducted research by 
looking at the presence of heavy metal in meat and liver of cattle that are near the metallurgical factory, where an 
average concentration of 79.946, 84.091, 146.822, 0.231 mg kg-1 was observed for Zn, Cu, Fe and Ni in liver, 
respectively. While in the meat obtained 81.180, 6.312, 51.800, and 0.350 for Zn, Cu, Fe and Ni, respectively. A 
similar study conducted by Iwegbue, 2008 which  find out the contamination of heavy metal in the cattle’s liver 
and kidney grazing freely in Southern Nigeria. In the liver and kidney was found 3.62 and 3.63 mg kg-1 for Cr, 
3.27 and 1.99for Cu, 37.75 and 32.26 mg kg-1 for Fe, 0.12 and 0.20 mg kg-1 for Ni, Iwegbue finding is higher 
than our results. The mean Fe, Cu and Zn levels in this study were 2-4-fold lower than Bandis’s report. Badis et 
al., 2014 conducted a study to find out the contamination of the heavy metal of meat in Algeria abattoir and 
obtained  the results of  Fe concentration (84.22 ± 2.99 mg kg-1), Cu (12.37 ± 0.18 mg kg-1), Zn (36.99 ± 1.92 mg 
kg-1). 
Copper is widely available in the kidneys followed by the liver. Elements of copper contained in food is 
absorbed through the gastrointestinal tract and transported via the blood. Immediately upon entering the 
bloodstream, the copper element will bind to the protein albumin. Then delivered and released to the liver and 
kidney tissue then binds with the protein forming enzymes, especially enzymes ceruloplasmin containing 90-
94% of the total copper content of copper in the body. The main elements of this excretion are through the bile, 
urine and slightly with relatively small amounts of sweat and milk together. In the event of disturbances on the 
disposal of bile, this element will be excreted with urine (Inoue et al., 2002). 
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Table 2. Concentrations of heavy metals (mg kg-1 wet weight) were found in meat and organs of cattle that 
grazing on post-mining areas. 
Location 
Minerals of cattles in mine revegetation areas (mg kg
-1
) 
Cu Fe Zn Cr Ni 
Longissimus dorsi 0.04 ± 0.07
a
 10.10 ± 3.49
a
 9.18 ± 3.27
b
 nd nd 
Bicep femoris 0.01 ± 0.02
a
 12.07 ± 3.13
a
 9.72 ± 4.22
b
 nd nd 
Heart 1.35 ± 0.20
b
 32.89 ± 2.12
b
 5.64 ± 0.47
b
 nd nd 
Liver 1.92 ± 1.26
bc
 57.95 ± 14.37
c
 8.79 ± 0.66
b
 nd nd 
Lungs 0.41 ± 0.04
a
 50.65 ± 9.90
c
 5.96 ± 0.68
b
 nd 0.28 ± 0.48 
Spleen 0.26 ± 0.03
a
 81.22 ± 2.74
d
 7.24 ± 0.50
b
 nd nd 
Kidney 2.37 ± 0.18
c
 47.36 ± 3.01
c
 6.90 ± 0.28
b
 nd 0.08 ± 0.16 
Bone 0.07 ± 0.05
a
 3.26 ± 1.22
a
 26.61 ± 6.73
c
 0.12 ± 0.17 nd 
Blood 0.18 ± 0.08
a
 91.95 ± 10.65
e
 0.08 ± 0.13
a
 nd nd 
Max.Standard in 
meat 
10
*
 - 100
*
 0.02-0.52
**
 - 
Nd : Non detected 
* Chinese Standard GB 15999-94 and GB13106-1999); ** CNRCFNB, 1989.Different superscript in the same 
column indicates data significantly different (P<0.05). 
 
The highest content of Fe was found in the blood, it occurs because Fe is a component of hemoglobin in red 
blood cells (erythrocytes) that are available for transporting oxygen throughout the body and in the form of 
myoglobin for the storage and the usage of oxygen in muscles. (Geissler and Singh, 2011). 
The highest Ni concentration was found in the lungs. It shows Ni get in to the body through breathing. Damage 
to the lungs and respiratory tract has been observed in rats and mice inhaling nickel content. Lung cancer and 
nasal sinus may occur to the workers who inhale dust containing nickel compounds with levels and high 
exposure time while working in nickel refineries or nickel processing plant (ATSDR, 2005). Cavani (2005) and 
Gupta et al (2010) reported the consumption of nickel (II) in excess of the exposure limit, causing several 
diseases such as pulmonary fibrosis, renal edema, and gastrointestinal distress (e.g., nausea, vomiting and 
diarrhea). 
 
Table 3. Concentrations of heavy metals (mg kg-1 wet weight) were found in meat and organs of cattle from the 
outside the mining area. 
Lokasi 
Minerals of cattle from the outside the mining area 
Cu Fe Zn Cr Ni 
Longissimus dorsi nd 28.10 ± 4.58
c
 11.19 ± 2.48
d
 nd nd 
Bicep femoris 0.18 ± 0.06
b
 26.52 ± 3.53
c
 32.35 ± 2.03
f
 nd nd 
Heart 1.07 ± 0.11
e
 25.24 ± 1.92
bc
 4.43 ± 0.51
b
 nd nd 
Liver 0.71 ± 0.07
d
 33.91 ± 2.02
d
 8.02 ± 0.57
c
 nd nd 
Lungs 0.53 ± 0.07
c
 41.68 ± 1.28
e
 5.42 ± 0.30
b
 nd 0.15 ± 0.04 
Spleen 0.21 ± 0.03
b
 62.43 ± 2.11
f
 7.71 ± 0.40
c
 nd nd 
Kidney 1.80 ± 0.22
f
 24.44 ± 1.16
b
 5.89 ± 0.63
b
 nd nd 
Bone 0.07 ± 0.01
ab
 3.79 ± 0.26
a
 27.25 ± 0.80
e
 nd nd 
Blood 0.15 ± 0.03
b
 35.24 ± 1.34
d
 0.71 ± 0.05
a
 nd nd 
Max.Standard in 
meat 
10
*
 - 100
*
 0.02-0.52
**
 - 
Nd : Non detected 
* Chinese Standard GB 15999-94 and GB13106-1999); ** CNRCFNB, 1989.Different superscript in the same 
column indicates data significantly different (P<0.05). 
 The highest concentration of zinc and chromium contained in bone. This is in line with the opinion of 
Molokwu and Li (2006), that there is abundant zinc in bone tissue and it needed to maintain bone mineral 
density and bone metabolism. Every step of bone metabolism using zinc, and deficiencies involved in 
osteoporosis. Organic matrix of bone is composed of protein required sufficient zinc to function optimally. Zinc 
acts as a cofactor for the activity of osteoblasts during bone formation and it required maintaining peak bone 
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density and reducing the risk of age-induced osteopenia or fracture. Chromium is found only in the bones and 
blood, but has not found reports of previous research stating the optimum absorption of chromium occurs in the 
bone. 
 
4. Safe Consumption for Human 
Meat, liver and heart are the part of body’s cattle that is most often consumed by the human. Although the 
concentration of heavy metal were found not exceed the threshold, but still must be considered because of its 
presence in the consumption of excessive amounts can lead to the accumulation in the body. Based on the 
maximum limits of heavy metal that enter the body through food, then the maximum amount of meat, liver and 
heart which can be consumed per a day was calculated (Table 4). Adult weighing 70 kg is recommended to 
consume meat no more than 4.46 kg per day, beef liver 0.78 Kg per  day and beef heart 1.37 Kg per day. The 
determination was based onconsumption limit of Fe concentration in meat, liver and heart. 
Table 4. Maximum limit of meat, liver and heart consumption (kg) 
 
Meat Liver Heart 
Cu Fe Zn Cu Fe Zn Cu Fe Zn 
Maximum Limit* (mg 
day-1) 10.00 45.00 40.00 10.00 45.00 40.00 10.00 45.00 40.00 
Average 
Concentration (mg 
kg-1) 
0.04 10.10 2.29 0.36 57.95 2.39 0.52 32.89 3.72 
Maximum limit 
consumption per day 
(Kg) 
250.00 4.46 17.47 27.78 0.78 16.74 19.23 1.37 10.75 
*NRC, 2002. 
 Iron is an essential mineral that is needed because it is a component of hemoglobin in red blood cells 
(erythrocytes) which are available for transporting oxygen throughout the body and in the form of myoglobin for 
the storage and the usage of oxygen in muscles, but the consumption still need to be controlled so it does not 
become excessive. Iron is an efficient catalyst for electron transfer and free radical reactions which also means 
that the iron is being free (for example, if the iron is not bound to a protein or other organic molecule). 
Therefore, iron is potential to be a toxic and organism need to minimize to be exposed by iron excessively. 
Protection of exposure depends on the specific protein involved in the absorption of food and its transfer into the 
circulation system which will transport it to the body and tissues (Geissler and Singh, 2011). 
 Unlike the other mineral, the body cannot regulate iron balance through excretion. The only way to 
remove iron from the body through skin cells and sweat (0.2-0.3 mg day-1), urine (<0.1 mg day-1),  the secretion 
duct, and premenopausal women through menstruation. Erythrocytes have a life span of about 120 days and then 
engulfed and destroyed by macrophages of the reticulum-endothelial system which recycles about 30 mg day-1 of 
iron from old erythrocytes. In healthy individuals, iron is lost through the skin and gastrointestinal mucosa 
approximately 1 mg day-1 in men and slightly more in women because of expenditures through the phase of 
menstruation, give birth and suckle. 
Institute of Medicine in the United States in 2001 proposed a tolerance level of iron intake is 45 mg day-1 based 
on gastrointestinal symptoms and acute affect that are most obvious. It represents more than five times the 
recommended dietary allowance for men (8 mg day-1) and about 3-fold for women who premenopausal (18 mg 
day-1) (IOM, 2001). JECFA set a provisional maximum tolerable daily intake of iron from all sources, except for 
iron oxide is used as a coloring agent, from 0.8 mg kg-1 of weigh (WHO, 2004). 
 
Conclusion 
The result shows a number of essential heavy metals (Fe, Cr and Ni) in abundant amounts in the grass consumed 
by livestock in mine revegetation areas. There were no essential heavy metals that exceed the threshold in the 
meat and organs of cattle from mine revegetation area or cattle from outside the mining area. Based on the Fe 
content contained in meat, liver and heart, an adult weighing 70 kg is recommended to consume the meat of not 
more than 4.46, 0.78 and 1.37 kg day-1 respectively for meat, liver and heart. 
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